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Abstract 
Nowadays, the emerging RFID technology has generated a dilemma in a lot of sectors and fields. Especially 
companies seem to be among the most intricate and affected ones, since important processes related to 
the upstream and downstream supply chain, as well as in-store ones, can become more accurate and 
simplified even eliminated, returning crucial profits to them. Indeed, some warehouse processes that imply 
significant human effort and time can be amplified due to this arisen technology. This paper refers to the 
mapping and modelling of the four most common warehouse processes, namely receiving, put-away, 
picking and shipping before and after the RFID implementation. 
Keywords: RFID, Warehouse Operations, BPMN 
1 MOTIVATION 
With the competitive differentiators of cost reduction, service enhancement and operations’ velocity, the 
deployment of new information initiatives has become a market mandate for every firm that struggles for 
streamlining its supply chain. Given the prevalence of warehouses in the supply chains, the introduction of 
new information technologies should be perceived and positioned as a catalyst for better warehouse 
practices and not as a cost of a business or as a voluntary responsibility.  
Nowadays, the emerging Radio Frequency Identification (RFID) technology is expected to revolutionize the 
warehouse operations. Empowered by the possibility to automatically identify unique product instances, 
RFID gives a great set of improvement opportunities across different dimensions of the warehouse (such as 
receiving, picking, shipping etc). It is inevitable for a great number of companies, even the small ones to 
stay unaffected by this overwhelming technological wave that occurs in the traditional business processes. 
As such, several companies (e.g. Metro, Tesco, Rewe) have pilot-tested the technology or have already 
started roll-out. Moreover, there is a large number of white papers and reports published recently that 
either focus on related technical aspects or are mainly qualitative studies of business cases for RFID 
deployment (Angeles, 2005; Jones et al., 2005; Curtin et al., 2007; Attaran, 2007; Reyes and Jaska, 2007). In 
addition, there is a small, but growing, body of literature trying to give a quantitative assessment of the 
deployment of RFID (Lee et al., 2004; Fleisch and Tellkamp, 2005; Atali et al., 2005; Gaukler et al., 2006; 
Wang et al., 2008). Evidently, the understanding of the RFID potential constitutes a matter of considerable 
concern and debate for both practitioners and academics alike.  
As with all novel technologies, terms such as “eye-ball the data” and “make some initial decisions based on 
intuition, experience and judgment” are typical. It therefore appears that a more clear evaluation could be 
of great importance. However, there is a credibility gap: “To make robust investment decisions we need a 
much more credible assessment of the true value of RFID based on the operating characteristics of the 
underlying supply chain processes” (Lee and Özer, 2007). Thus, our research aims at providing a depiction 
of the RFID adoption within the warehouse context. It proposes a detailed business process analysis of the 
current four most common warehouse operations and their future state of a RFID implementation. 
The remainder of the paper is organized as follows. Section 2 draws upon literature of the business impact 
of RFID and thus offers a justification for the relevance of the work. Section 3 goes through the key 
elements of the proposed approach. Section 4 gives the process mapping and modeling of the four most 
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common warehouse operations and their future state after the RFID is deployed. Finally, Section 5 provides 
a number of conclusions and further research aims. 
2 RELATED WORK 
Radio Frequency Identification (RFID) is a generic technology concept that refers to the use of radio waves 
to identify objects (Auto-ID Center 2002). The core of RFID technology is the RFID transponder (tag) – a tiny 
computer chip with an antenna. Suppliers attach these tags to logistic units (palettes, cases, cartons and 
hanger-good shipments) and, in some cases, to individual items. Logistic units and individual items are 
identified by the Electronic Product Code (EPC). A RFID reader is used to identify the EPC stored on the RFID 
tag (Loebbecke 2007). The antenna enables the microchip to transmit the object information to the reader, 
which transforms it to a format understandable by computers (Angelles 2005). RFID applications include 
access control systems, livestock management systems, automated toll collection systems, theft-prevention 
systems, electronic payment systems, and automated production systems (Agarwal, 2001, Smith and 
Konsynski 2003, Kelly et al. 2005, Hou et al. 2006). Finkenzeller (1999) provides a general overview of RFID 
technology while Sarma (2002) describes the specific technology for supply chain management. 
Among a large number of white papers and reports published recently, most of them are qualitative studies 
providing business cases for RFID deployments. For example, IBM Business Consulting Services have 
published a series of papers (Alexander et al. 2003) on discussing the impact of RFID technology on supply 
chain performance with a focus on consumer goods and retail value chains. Topics of the white paper series 
range from analyzing the benefits of RFID in terms of improving product availability at the retail shelf, 
reducing losses associated with product obsolescence, product shrinkage, as well as the inventory 
inaccuracy, to articulating how RFID would affect the DC and store replenishment policies to achieve better 
customer services and at the same time reduce the inventory cost. Other reports of a similar nature include 
Agarwal (2001) and Kambil and Brooks (2002). Research on the impact of RFID on supply chains using 
analytical approaches is still at an early stage. Moreover, such papers examine RFID potential impacts in 
different contexts, with little attention being paid to the exploitation of RFID for improving warehouse 
operations. For instance, Lee et al. (2004) used a simulation model to quantify the indirect benefits 
provided by RFID in inventory reduction and service level improvement in a manufacturer-retailer supply 
chain environment. Similarly, Fleisch and Tellkamp (2005) examine the relationship between inventory 
inaccuracy and performance by simulating a three echelon retail supply chain with one product. Further 
developments in this direction are provided by Atali et al. (2005) who provide an extensive numerical study 
to quantify the potential values of RFID in providing visibility to the discrepancy and shrinkage reduction. 
Gaukler et al. (2006) propose an analytical model to assess the benefits of ‘item level RFID’ for a two-
echelon retail supply chain. Wang et al. (2008) focus on the analysis of simulated impact of the radio 
frequency identification (RFID) system on the inventory replenishment of the thin film transistor liquid 
crystal display (TFT-LCD) supply chain in Taiwan.   
In view of the pre-mature level of RFID research and implementation, it is obvious that there is a need for a 
much more credible assessment of the true value of RFID with respect to the specific characteristics of the 
supply chain operations. (Lee and Özer, 2007). Thus, it is essential to understand the relative effectiveness 
of RFID technology by analyzing thoroughly every supply chain operation that is to be redesigned and 
justifying the RFID investment.  
3 METHODOLOGY 
According to McFarlane and Sheffi (2003), there are different supply chains across industries and 
companies designed according to discrete product, capacity and collaboration issues. However, all of them 
are based on a single common element: a ship/receive (S/R) pair. In this common supply chain view this 
pair consists of a shipper (seller) entity and a receiver (buyer) entity connected by several links. These links 
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include the physical flow between the entities as well as the two-way information flow and the cash flow 
between them. More specifically, Bartholdi and Hackman (2008) suggest that even though warehouses can 
serve quite different ends, most share the same general pattern of row material. Essentially, they receive 
bulk shipments, stage them for quick retrieval; then, in response to customer requests, retrieve and sort 
skus and ship them out to customers. 
The reorganization of products takes place through the following physical processes 
 Inbound processes  
Receiving  
Put-away 
 Outbound processes  
Order-picking 
Checking, packing, shipping 
According to Van den Berg and Zijm (1999), there are four generic activities that comprise the main 
operation of a distribution warehouse, namely receiving, storage, picking and shipping. 
  
Figure 63.  The basic warehouse operations 
As far as the adopted methodology is concerned, firstly an attempt to stencil the basic four warehouse 
processes took place, based on the Business Process Analysis Notation (BPMN). This can facilitate the 
understanding of perplexing, intensive and human related operations as the warehousing ones. Indeed, by 
looking closely at each reveals ways that may be could improve them in terms of performance, time saving 
and labour utilization. Concerning the Business Process Analysis Notation, some crucial patterns were used 
including activities, decisions, rules as well as lanes for different departments and roles. (OMG, 2006; 
Harmon, 2007).   
Concerning Business Process Analysis Notation, we use some crucial patterns including activities, decision, 
rules as well as lanes for different departments and roles. More specifically, for the depiction of receiving 
and picking, it was assumed that decision making is related to the Decision Department or something 
similar, whereas labour- intensive operations like scanning, unloading and checking are associated with the 
staff, namely the warehouse. Furthermore, in storage we assume that there are two different areas in 
order to make clear the replenishment concerning the flow between the storage area and the picking one. 
The former is related to the storage locations for the pallets and the latter for the picking locations for the 
cases.  Also, we indicate where the role of the Warehouse Management System (WMS) plays a crucial role 
for the process flow and we use data objects where is necessary. Moreover, there are sub-processes where 
there is need for a further analysis. In order to make clear some errors that occur during some processes as 
the scanning one, we have used appropriate symbols. Finally, a repeated flow is indicated with a curled 
arrow, for instance there are recurrent sub-processes for each pallet. Here, we highlight that products 
arrive packed in pallets and leave again as pallets. But during storage and picking they are decomposed and 
gathered as cases. Also, we assume that pallets and cases have already affixed RFID tags on themselves. 
While regarding the RFID devices for reading the RFID tags on the items and the shelves, there are placed 
RFID portal readers during receiving and shipping and RFID readers accompanied the forklifts.  
More specifically the methodology we used could be decomposed into the following steps:  
Receiving
Storage Picking
Shipping
Cross-docking
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1. Determination of the modelling objective effort including the executive decision to be addressed  
2. Study of the literature and related work concerning the warehouse operations and the RFID 
potential 
3. Observation of the real current processes in a retailing warehouse 
4. Composition of the main four warehouse operations, namely the AS-IS model and representation 
of them with the BPMN 
5. Study of the AS-IS model and identification of the ways that can be adopted to improve them, using 
the RFID technology 
6. Composition of the amplified processes, namely the TO-BE model and illustration of them using the 
BPMN 
7. Suggestions for further work and estimation of the RFID implementation value 
4 PROCESS MAPPING & MODELLING 
This paragraph includes the analysis of the as-is warehouse processes. This helps for understanding the 
relationships between various activities and identifying processes that are troublesome and can be 
improved by the deployment of RFID. This is accomplished by interviewing and visually examining the 
processes –what really happens- that includes queues, bottlenecks, and human errors, and as a result, by 
gaining insight into the problems that are expected to be improved through RFID. A description and 
mapping of all 4 processes is depicted in the Figures 2-9 using the Business Process Modeling Notation 
(BPMN). 
4.1 The current warehouse operations (AS-IS) 
Receiving AS-IS 
As far as the first crucial warehouse operation is concerned, we assume that there are two main 
departments or roles that deal with it. The first is related to the decisions taken so that the process could 
follow the appropriate alternative flow any time and the second is associated with the staff which executes 
the orders coming from the former. The receiving process starts when a container carrying products in 
pallets arrives and stops at the assigned docks outside the warehouse. Then, a check takes place from the 
WMS to find any discrepancy between the Bill of Lading (BOL) and the Purchase Order (PO). Thus, someone 
in charge makes a decision related to the acceptance of the findings. The process stops if all found 
divergences are rejected, otherwise the unloading initiates. Normally, during unloading, the products on 
the bed of the container are unloaded and delivered by a forklift truck to a tentative area inside the 
warehouse. Under current bar coding practices, the receiving clerk must scan each pallet. After the end of 
the scanning, a check takes place to find possible discrepancies between the BOL and actual scanned 
pallets. If divergences are found, the labour counts all or a part of the freight in order to reveal or correct it. 
Finally, new labels for internal use are affixed to the pallets by the employees. Obviously, the receiving 
process is labour-intensive, time consuming and subject to human error. 
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Figure 64.  The AS-IS Receiving Operation 
Storage AS-IS 
Concerning the storage process, it starts when the receiving one is completed. Then, ushers and WMS look 
for empty picking shelves where cases can be stocked. Simultaneously, pallets are putted away to the 
storage shelves. More specifically, the latter comprises scanning, loading and putting away activities for 
each pallet. After that, pallets are selected in order to be decomposed into cases and fill specific empty 
picking locations. Hence, the storage process depends heavily on intuition, experience, spatial skills and 
intelligence of the human worker. In the following figure, we have also included the locations for the 
products to be stocked. The first one is the storage location or the shelves for the pallets and the other the 
picking one for the cases. We adopt this assumption because it is common sense that in most warehouses 
there is an internal rule concerning the conditions under that replenishment of the products to be picked, 
occurs. In other words, when some prerequisites are satisfied pallets must be relocated and decomposed 
into cases to be picked.  
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Figure 65.  The AS-IS Storage Operation 
Picking AS-IS 
Picking process initiates when orders are received by a worker. After their confirmation gratified by the 
existing inventory, one responsible generates a picking list for each store and then for each employee 
according to the products’ positions and aisles. To each one is given a specific list which refers to a store’s 
consolidated orders and it could be consisted of more than one pallet. Thus, a recurrent sub-process will be 
executed until all pallets are completed. This comprises labour intensive activities such as picking and 
scanning, which could be susceptible to human intuition and crucial errors. Furthermore, if a case is not 
found, the worker will keep a notice and he will check it again at the end of the process. If the case could 
not be located again he addresses to someone responsible for this. If it is out-of-stock, an appropriate 
report will be written in order to be included in the confirmation of the picking list. Finally, a checker search 
for any discrepancy regarding the actual cases picked and the list of picking.   
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Figure 66.  The AS-IS Picking Operation 
Shipping AS-IS 
Before being transported, the products for one truck are lumped together at a provisional position. At that 
time, an operator gives them a compliance check. After that, a truck arrives at the designated docks and all 
products are to be loaded on the bed of the truck. Then, the truck departs for its destination. 
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Figure 67.  The AS-IS Shipping Operation 
4.2 The future state of RFID-enabled operations (TO-BE) 
Receiving TO-BE 
The implantation of an RFID system might offer great improvements in such a manual warehouse. Instead 
of manually scanning each unloaded pallet and verifying it with the purchase order and the shipment 
notification, RFID allows each received load to be identified and checked automatically as it passes through 
the portal readers. Thus, no error in counting could be occurred and the need for double-check is 
redundant. Also, the relabeling of products to continue the storage process is not necessary anymore. 
Besides, RFID eliminates the incorrect receipt of damaged or covered barcodes since RFID readers are more 
reliable than traditional scanners. As a result, check-in time and the labour intervention are significantly 
minimized in the receiving function while, at the same time, the throughput speed of product and the 
inventory accuracy is increased. 
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Figure 68.  The RFID-enabled Receiving Operation 
Storage TO-BE 
The adoption of the RFID technology can reduce the operating costs of this process since readers on the 
storage bins allow constant synchronization of the inventory with the WMS which expedites significantly 
the storage process. Thus, the stored information can help the operatives to sort and direct the items to 
the designated locations easier and faster. As a result, the RFID technology increases the put away rate and 
the labor productivity while eliminates errors in the product assignment. More specifically, there is no need 
for scanning each pallet to find its storage location in the warehouse, as the forklift itself can identify it on 
loading. Moreover, RFID tags affixed on each pallet and storage locations can prevent the worker from any 
possible scanning error and convert the process into a more accurate and less labor intense operation. 
Furthermore, the likelihood of receiving damaged or covered barcodes is annihilated since RFID tags are 
more resistant and readers are more reliable than the traditional scanners. 
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Figure 69.  The RFID-enabled Storage Operation 
Picking TO-BE 
By providing absolute identification of exact products and quantities picked, RFID holds high potential for 
the picking process. Complex stages, namely scanning and verification of the items picked can be 
automated. Scanning in the picking process can be regarded as unproductive and duplicative. Verification 
consumes time, additional dock space and labor. RFID alleviates these ill effects of scanning and verification 
by eliminating errors and the required time in picking, thereby increasing the labor productivity, the 
throughput speed of product and the accuracy of the customer deliveries. 
Indeed, during the composition of a pallet, the inexistence of a particular case directly means that is out-of-
stock and the WMS is completely informed about that. Hence, there is not any ambiguity regarding worker 
miscalculations and product false stock locations. Moreover, there is no need for manual check, since any 
discrepancies between the actual cases picked and the list of picking are being calculated by the forklift 
reader during the pallet composition.  
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Figure 70.  The RFID-enabled Picking Operation 
Shipping TO-BE 
Employing RFID allows staff to collect data when products simply pass through the shipping doors. This 
eliminates the need for compliance checks on the shipping dock. Thereby, RFID certainly compensates for 
the time and labor cost spending to check for any discrepancy, reduces bottlenecks on the shipping dock 
and improves throughput speed of product. Moreover, it promotes real time data sharing between supply 
chain partners since the whole shipment is counted into the inventory system automatically when the 
items leave the warehouse.  
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Figure 71.  The RFID-enabled Shipping Operation 
5 CONCLUSIONS 
The work presented in this paper is a preliminary effort to support, in a systematic way, the 
implementation of RFID technology in the warehouse context. It appears that an RFID implementation 
alleviates the ill effects of manual scanning and verification by automating the warehouse processes and by 
reducing errors, the labour intervention and the required time to check for any discrepancies. Furthermore, 
the presented work of the warehouse processes mapping could become the basis for a further evaluation 
of the RFID technology implementation and investment. Thus, by adopting the AS-IS and TO-BE models 
presented above, that are associated with a general warehouse case, one could measure time, human 
resources and errors in order to reveal the cost-benefit effects of the RFID implementation. More 
specifically, some findings could aim to indicate that most of the value RFID generates, when introduced on 
a process, comes from two sources. The first is the effect that RFID has on the internal value metrics of the 
process, such as the time to complete the receiving process or the labour costs of the warehouse 
processes. Secondly, the use of RFID in a process can also have an impact in the performance metrics of 
other processes, given the interdependencies between them. This could be realized using evaluation 
methods such as the activity-based costing, simulation or other ones depends on personal observation and 
way of thinking, as well as each case itself.  
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